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157] ABSTRACT

High purity tetrafluorohydrazine is synthesized by re-
acting NF3 with silicon at an elevated temperature. The
reaction occurs only periodically and at a low concen-
tration of NF3. Immediate cooling of the reaction mate-
rial produces tetrafluorohydrazine and SiF4. Alkaline
hydrolysis removes substantially all impurities. Tetra-
fluorohydrazine is further recovered by cryogenic trap-
ping from the remaining impurities.
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1
SYNTHESIS OF TETRAFLUOROHYDRAZINE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured
and used by or for the Government for governmental
purposes without the payment of any royalty thereon.

BACKGROUND OF THE INVENTION

The present invention relates to the synthesis of tetra-
fluorohydrazine and, in particular, to a single step pro-
cess where impurities are easily removed.

One of the prior processes of producing tetra-
fluorohydrazine reacted nitrogen trifluoride with car-
bon at an elevated temperature to produce a yield of
about 75 percent but the reaction products included Na,
NO, N70 and fluorocarbons. Separating these undesir-
able products from tetrafluorohydrazine has been very
difficult. U.S. Pat. No. 3,356,454 is incorporated by
reference. |

Another process involves heating nitrogen trifluoride
to an elevated temperature in the presence of a reactive
metal surface and then separating the tetrafluorohydra-
zine. The formation of fluorides on the metal surfaces
causes this process to be difficult to control. U.S. Pat.
No. 3,220,799 1s incorporated by reference.

Another process involved the reaction of nitrogen
trifluoride with nitric oxide (NO). Some of the products
are nitrogen oxyfluorides which are extremely corro-
sive and difficult to remove. Traces of these impurities
may sensitize tetrafluorohydrazine to detonation thus
making the end product undesirable as a rocket fuel.

Tetrafluorohydrazine is useful as a high energy oxi-
dizer as a rocket propellant. For example, when it reacts
with hydrazine a specific impulse of about 300 is possi-
ble. This value may be compared with those for reac-
tion of oxygen and hydrazine, for which the calculated
specific impulse is 273 sec. and the flame temperature is
3000° K. It will be seen that tetrafluorohydrazine pro-
vides almost as high a specific impulse, but it differs
from oxygen in being storable in liquid condition at
normal temperatures, while liquid oxygen requires low
temperatures which bring many problems.

Tetrafluorohydrazine can also be reacted with am-
monia to provide a source of high energy and high
impulse. Thus, tetrafluorohydrazine may be stored in
missiles which are ready for immediate launching.

‘The present invention is directed at a single step pro-
cess that produces tetrafluorohydrazine without these
undesirable characteristics.

SUMMARY OF THE INVENTION

The present invention provides a process which syn-
thesizes tetrafluorohydrazine with other products that
- are easily removed to leave a high purity tetrafluorohy-
drazine.

The basic reactions that yielded tetrafluorohydrazine
are as follows:

4 NF3+Si—4 NF;+SiFy (1)

4 NF>+SiF34—2 NaF4+SiFy (2)

2N2F 44 81F 44+ NaOH—2 N3;F4+4-NaF <+ Silicon

Oxyfluorides (3)

Therefore, one object of the present invention is to
provide a process to synthesize tetrafluorohydrazine
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2
with impurities that are easily separable from tetra-
fluorohydrazine.

Another object of the present invention is to provide
a process to synthesize tetrafluorohydrazine with impu-
rities that are not corrosive or explosive but which are
easily separable from tetrafluorohydrazine.

Another object of the present invention is to provide
a process to produce a rocket propellant without explo-
sive impurities therein.

Another object of the present invention is to provide
a process for synthesizing tetrafluorohydrazine without
cobolling corrosive or explosive impurities.

These and many other objects and advantages of the
present invention will be readily apparent to one skilled
in the pertinent art from the following detailed descrip-
tion of a preferred embodiment of the invention and the
related drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The only FIGURE is a schematic illustration of the

apparatus to synthesize high purity tetrafluorohydra-

Zine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to the only FIGURE, a schematic of a
synthesis apparatus 10 is shown that employs the pro-
cess of the present invention.

As seen therein, a diluent source 12 having helium
outputs the helium to a controllable valve 16. A gas
source 14 of NF3outputs NF3to a controllable valve 18.
A mixing chamber 30 combines the helium and NF;
such that the NF; is at about 3 percent concentration by
volume In a resulting mixture entering a reactor 22. The
resulting mixture is input at a pressure of about 850 Torr
and at a flow rate of about 3000 SCCM (standard cubic
centimeters per minute).

Reactor 22 has a heating zone 24 and a cooling zone
26 and 1s a nickel tube. The heating zone 24 is approxi-
mately 40 centimeters in length with a diameter of about
7 millimeters. It is heated to a temperature of about 275
degrees Centigrade. The heating zone 24 is filled with
chips of silicon and, in this example, has about 32 grams
of granules in the 0.4 to 1.0 millimeters size range. The
cooling zone 26 has a temperature of about 25 to 50
degrees Centigrade. The reaction as described in equa-
tion 1 occurred in the heating zone 24.

To prevent overheating in the heating zone 24 the
reactant mixture flow was pulsed on and off with a 200 .
second period and a 15 percent duty cycle. During the
non-duty cycle, pure helium at a flow rate of about 3000
SCCM was flowing through reactor 20. This flow was
achieved by operation of controllable valves 16 and 18.

The NF; and SiF4 resulting from the heating of NF3
with Si was cooled in the cooling zone 26 and this re-
sulted in the reaction as described by equation 2.

The cooling was in a range from about 25 to 50 de-
grees Centigrade.

The cooled product, tetrafluorohydrazine and SiF4
was then filtered by a filter 28 being a 15 micron stain-
less steel filter.

The residual starting materials He and NFz, remain-
ing in the filtered product are separated by a cryogenic
trap 30 into a collector 32. Trap 30 operated at liquid
nitrogen temperature at a flow pressure of about 150
Torr.

‘The output of trap 30 was washed in a basic condition
scrubber 34 which carried out the reaction as described
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by equation (3) above. Scrubber 34 has therein a 10
percent sodium hydroxide water solution. The washing
occurred for about 15 seconds at room temperature.
The output of scrubber 34 being tetrafluorohydrazine
and other impurities such as N>O and NF3 was input to
another cryogenic trap 36. High purity tetratluorohy-
drazine was collected at output 38 of trap 36 and other
residuals collected in container 40.

The washed produce was shown to be greater than 80

percent pure tetrafluorohydrazine with only N>O and
NF3 remaining therein by gravimeter and infrared anal-

ySIS.
Clearly many modifications and variations of the
present invention are possible in light of the above
teachings and it is therefore understood, that within the
inventive scope of inventive concept, the invention may
be practiced otherwise than specifically claimed.
What 1s claimed is:
1. A process for synthesizing high purity tetra-
fluorohydrazine, said process comprising the steps of:
a. controllably mixing NF3 with a diluent gas to form
a starting mixture;

b. selectively reacting the starting mixture with sili-
con at an elevated temperature to form NI and
SiF4 1n a reaction flow:
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c. cooling the reaction flow to form tetrafluorohydra-
zine therein, said tetrafluorohydrazine being mixed
with SiF4 and other impurities;

d. filtering the reaction flow;

¢. removing substantially all of the diluent gas and
NF; from the reaction flow by use of a first cold
trap;

f. scrubbing the reaction flow with a basic solution to
substantially remove SiF4; and

g. recovering high purity tetrafluorohydrazine from
the reaction flow by use of a second cold trap.

2. A process as defined in claim 1, step a, wherein
NF3 comprises about 3 percent concentration by vol-

ume with helium being the diluent gas in said starting
mixture.

3. A process as defined in claim 1, step b, wherein the
starting mixture is reacted with silicon at a temperature
of about 275 degrees Centigrade.

4. A process as defined in claim 3 wherein the starting
mixture 1s reacted with the silicon periodically about 15
percent of the time.

5. A process as defined in claim 1, step ¢, wherein the
cooling occurs in a range of from about 25 to 50 degrees
Centigrade.

6. A process as defined in claim 1, step f, further
comprising a basic solution being about 10 percent so-
dium hydroxide and scrubbing occurring for about 15

seconds at about 22 degrees Centigrade.
* E % 3 *k
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